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(57) ABSTRACT

The present disclosure provides a semiconductor device and
an integrated apparatus having the same. The semiconductor
device includes a substrate, a buffer layer on the substrate, a
compensation area which includes a p-region and a n-region
on the buffer layer, and a transistor cell on the compensation
area. The transistor cell includes a source region, a body
region, a gate electrode and a gate dielectric formed at least
between the gate electrode and the body region. The gate
dielectric has a thickness in a range of 12 nm to 50 nm.
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1
SEMICONDUCTOR DEVICE AND
INTEGRATED APPARATUS COMPRISING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to Chinese Patent Appli-
cation serial number 201320675145.2 filed on Oct. 30, 2013
and is hereby incorporated in its entirety.

FIELD

This disclosure relates to a semiconductor device and an
integrated apparatus comprising the same, and in particular,
to a super-junction device having logic level threshold volt-
age and an integrated apparatus comprising the same.

BACKGROUND

Superjunction devices exploit the idea to compensate sur-
plus charges in the on-state current path by adding charges of
the opposite polarity in the vicinity of this area to achieve very
low area specific R, values. Typical constructions for ver-
tical devices use vertical n- and p-doped columns which are
formed either by trench etching and refill or by multi epitaxial
arrangements.

This very low specific R, values enable very small
device areas (w/r to standard MOSFETs) leading to very fast
switching devices (low capacitances Csp, Csq, Cpg). Fast
switching is the basis for very low switching losses for
example in switch mode power supplies which had boosted
their efficiency significantly in recent years.

To have sufficient noise immunity state of the art super-
junction devices have stayed with gate threshold voltage in
the range of 3.5V to 5V reaching full turn-on with Gate
voltages around 10 to 12V.

This hampers further efficiency improvements as switch-
ing speed and therefore switching losses are closely linked to
the voltage swing needed for full turn-on.

Drawbacks of the existing solutions with Vth >3.5V are:

higher switching losses than with lower gate threshold

voltage.
higher driving losses; devices with lower gate threshold
voltage can be driven by the same driving current much
faster or with the same speed with less driving power.

state of the art power devices can’t be driven directly with
TTL or CMOS stages; they need a booster/level-shifter
stage.

FIG. 2a shows state of the art PFC (Power Factor Correc-
tion) stage 20 using a power MOSFET 22 having a normal
level threshold voltage, e.g., Vth=3V to 5V. This solution
needs after the controller 24 generating the PWM for voltage/
current control an additional booster stage 26 which gener-
ates gate voltages for the power MOSFET 22 in the range of
10V to 15V with an appropriate current level. Despite the
additional booster stage 26 this solution usually needs an
additional voltage domain (e.g., 20V to 30V) to supply the
booster 26 and support the driving of the power MOSFET 22.
However this means additional effort either in terms of addi-
tional device cost, area, and higher losses.

A similar example is shown in FIG. 3a. FIG. 3a shows a
Flyback topology 30 which uses state of the art a power
MOSFET 32 having normal level threshold voltage, e.g.,
Vth=3-5V. This solution needs after the controller 34 gener-
ating the PWM for voltage/current control an additional
booster stage 36 which generates gate voltages for the power
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MOSFET 32 in the range of 10V to 15V with an appropriate
current level. Despite the additional booster stage 36 this
solution usually needs an additional voltage domain (e.g.,
20V to 30V) to supply the booster 36 and support the driving
of the power MOSFET 32. However this means additional
effort either in terms of additional device cost, area, and
higher losses.

Therefore, there is the need for a structure having lower
logic level threshold voltage at the same time having suffi-
cient noise immunity.

SUMMARY

To overcome the above mentioned drawbacks, this disclo-
sure proposes to implement logic level Vth of 1.2V to 2V,
preferably of 1.6V, for superjunction MOSFETs. Here, Vth is
gate threshold voltage of the superjunction MOSFET. For
these devices, the R, is then rated at V ; ~4.5V. Neverthe-
less these devices should also be able to withstand V 4 volt-
ages of about 10V to handle voltage spikes without gate oxide
degradation. The implementation can be done by using gate
oxides of an appropriate thickness in a range of 12 nm to 50
nm and an adjusted doping level of the channel region.

To improve the possibly resulting low noise immunity, it is
additionally proposed to integrate the gate driver and/or the
controller stage very close to the power MOSFET to mini-
mize the gate loop. The integration can either be done mono-
lithically, chip-by-chip or chip-on-chip.

These measures will lead to a significant efficiency
improvement by reducing switching losses as well as driving
losses. The approach also gives design in advantages as the
design engineer has not to take care for the signal integrity
and gains board space with a more integrated solution.

Therefore, according to one embodiment of the present
disclosure, a semiconductor device is provided, which com-
prises a substrate, and a buffer layer on the substrate. The
semiconductor device further comprises a compensation area
which comprises a p-region and a n-region on the buffer layer,
and a transistor cell on the compensation area, the transistor
cell comprising a source region, a body region, a gate elec-
trode and a gate dielectric formed at least between the gate
electrode and the body region. In one embodiment the gate
dielectric has a thickness in a range of 12 nm to 50 nm.

In some embodiments, the semiconductor device has gate
threshold voltage in a range of 1V to 2V.

In some embodiments, the semiconductor device has gate
threshold voltage in a range of 1.2V to 2V.

In some embodiments, the semiconductor device has gate
threshold voltage of 1.6V.

In some embodiments, the buffer layer has a doping con-
centration lower than the n-region.

In some embodiments, the buffer layer has a doping con-
centration increasing towards the substrate.

In some embodiments, the buffer layer comprises a first
sublayer on the substrate and a second sublayer on the first
sublayer, and the doping for the second sublayer is above that
of the first sublayer.

In some embodiments, the buffer layer comprises a first
parton the substrate and a second part on the first part, and the
first part has a doping concentration increasing towards the
substrate.

In some embodiments, the semiconductor device is a
super-junction device.

According to another embodiment of the disclosure, an
integrated apparatus is provided, which comprises any one of
the semiconductor devices as stated above and a controller
integrated with the semiconductor device for controlling an
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operation of the semiconductor device, wherein the semicon-
ductor device is directly driven by the controller.

In some embodiments, the controller is integrated with the
semiconductor device monolithically, chip-by-chip or chip-
on-chip.

In some embodiments, the integrated apparatus is in a
Flyback topology structure.

In some embodiments, the integrated apparatus is ina LL.C
topology structure.

In some embodiments, the integrated apparatus isina TTF
topology structure.

In some embodiments, the integrated apparatus is ina ZVS
topology structure.

In some embodiments, the integrated apparatus is in a PFC
stage structure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present
disclosure will be apparent from the following detailed
description with reference to the accompanying drawings, in
which:

FIG. 1 schematically shows cross-sectional views of three
not limiting examples for super-junction transistors accord-
ing to the present disclosure.

FIG. 2a shows state of the art PFC stage using a power
MOSFET having a normal level threshold voltage.

FIG. 2b shows PFC stage using a super-junction MOSFET
with logic level threshold voltage according to one embodi-
ment of the present disclosure.

FIG. 3a shows State of the Art Flyback-Converter using a
power MOSFET having a normal level threshold voltage.

FIG. 35 shows Flyback-Converter using a super-junction
MOSFET with logic level threshold voltage according to one
embodiment of the present disclosure.

DETAILED DESCRIPTION

Embodiments of the present disclosure now will be
described more fully hereinafter with reference to the accom-
panying drawings, in which embodiments of the disclosure
are shown. The present disclosure may, however, be embod-
ied in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
disclosure to those skilled in the art. Like numbers refer to like
elements throughout. Furthermore, the various layers and
regions illustrated in the figures are illustrated schematically
and are not necessarily drawn to scale. Accordingly, the
present disclosure is not limited to the relative size, spacing
and alignment illustrated in the accompanying figures. As
will also be appreciated by those of skill in the art, references
herein to a layer formed “on” a substrate or other layer may
refer to the layer formed directly on the substrate or other
layer or on an intervening layer or layers formed on the
substrate or other layer. Moreover, the terms “first conductiv-
ity type” and “second conductivity type” refer to opposite
conductivity types such as N or P-type, however, each
embodiment described and illustrated herein includes its
complementary embodiment as well.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the disclosure. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” “comprising,”
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“includes” and/or “including” when used herein, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which the present disclosure belongs. It will be further under-
stood that terms used herein should be interpreted as having a
meaning that is consistent with their meaning in the context of
this specification and the relevant art and will not be inter-
preted in an idealized or overly formal sense unless expressly
so defined herein.)

The figures illustrate relative doping concentrations by
indicating “~” or “+” next to the doping type “n” or “p”. For
example, “n-" means a doping concentration which is lower
than the doping concentration of an “n”-doping region while

n “n+”-doping region has a higher doping concentration
than an “n”-doping region. Doping regions of the same rela-
tive doping concentration do not necessarily have the same
absolute doping concentration. For example, two different
“n”-doping regions may have the same or different absolute
doping concentrations.

FIG. 1 schematically shows cross-sectional views of three
not limiting examples for super-junction transistors accord-
ing to the present disclosure. Different possibilities for real-
izing a compensation area and an optional buffer region are
shown, wherein p is indicating the cell pitch, w is indicating
the gate electrode dimension. These examples are not limiting
and the different versions may be combined in any manner.
For simplicity, only cross sections of a part of the active area,
i.e.the area carrying the vertical load current, are shown. Parts
of the transistors like an edge termination system, a dicing
area or the gate connects are not explicitly shown in FIG. 1.
The devices shown have a semiconductor body with a com-
pensation area comprising p-regions (p-columns) 130 and
n-regions (n-columns) 134 where the compensation, i.e. the
difference in the doping between p- and n-columns may be
either homogeneous or variable in the vertical direction.

The compensation region is connected to a MOS transistor
cell comprising a source region 118, a body region 138 and a
controlling gate 114. In the examples shown the gate is built
as aplanar gate electrode situated on top of the semiconductor
body. However, the gate could also be realized in a trench
etched into the semiconductor body.

An insulating structure 140, such as oxide, electrically
isolates the gate 114 from the body region 138, the source
region 118, the n-regions (n-columns) 134 and a metallization
layer 110. And a part of the insulating structure 140 below the
gate 114 may act as a gate insulating layer.

The drain 128 of the transistor is connected to a highly
doped substrate 124. Between the substrate and the compen-
sation area an optional buffer layer 126 may be located. The
buffer layer has the same conductivity type as the substrate
but a lower doping. The doping ofthe buffer layer may vary in
the vertical direction. As an example the cross section shown
in the middle of FIG. 1 depicts step wise varying doping levels
in the buffer layer. For example, the buffer layer may include
aplurality of sublayers, such as a first sublayer (buffer 1) and
a second sublayer (bufter 2), and the doping for the second
sublayer may be above that of the first sublayer. As an
example again, the cross section shown in the right of FIG. 1
depicts the doping for the n-regions (n-columns) 134 increase
step-wise and/or gradually in a direction from the insulating
structure 140 to the buffer layer 126. According to an embodi-
ment (not shown in FIG. 2) the doping of the n-regions (n-col-
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umns) and/or the doping of the p-regions (p-columns) may
have one or more local doping maximums and one or more
local doping minimums in a direction from the insulating
structure 140 to the buffer layer 126.

The source contacts are electrically connected by the met-
allization layer 110 which builds a common source pad at
chip top side. The individual cell gates 114 are connected by
poly silicon to build a common gate contact with a metalli-
zation at top side. And hence two electrodes with same or
different metallizations, one for source and one for gate, are
disposed at device top side and are isolated from each other
e.g. by Si-oxide or Si-nitride passivation layers or both. The
drain contact is built at the device backside and is covered
with metallization 128 of super-junction devices.

FIG. 2b shows PFC (Power Factor Correction) stage 200
using a super-junction MOSFET 222 with logic level thresh-
old voltage according to one embodiment of the present dis-
closure (in this figure, Logic Level=LL).

In comparison to the state of the art PFC stage 20 in FIG.
2a, the super-junction MOSFET 222 according to one
embodiment of the present disclosure has a logic level thresh-
old voltage in the range of 1-2V, preferably in the range of
1.2-2V, more preferably of 1.6V. In this case, the PFC stage
200 can offer easy control directly from the output of the
controller 224 to the super-junction MOSFET 222. In an
embodiment, the PFC stage 200 can offer gate voltages for the
super-junction MOSFET 222 in the range of 3V to 5V.
According to the present disclosure, the logic level threshold
voltage in the range of 1-2V can be achieved by using gate
oxides of an appropriate thickness (e.g., in the range of 12 nm
to 50 nm) and an adjusted doping level of the channel region
of the super-junction MOSFET. So, in the present embodi-
ment, since the super-junction MOSFET 222 can be directly
driven by the controller 224, the additional booster stage and
thus the additional voltage domain as used in the state of the
art PFC stage 20 in FIG. 2a can be omitted, thereby the device
cost and area can be saved, device switching losses can be
reduced, the switching speed of the device can be improved.

A similar example is shown in FIG. 35 which shows Fly-
back-Converter 300 using a super-junction MOSFET 332
with logic level threshold voltage according to one embodi-
ment of the present disclosure (in this figure, Logic
Level=LL).

In comparison to the state of the art Flyback topology 30 in
FIG. 3a, the super-junction MOSFET 332 according to one
embodiment of the present disclosure has a logic level thresh-
old voltage in the range of 1-2V, for example, in the range of
1.2-2V, and in another example, 1.6V. In this case, the Fly-
back-Converter 300 can offer easy control directly from the
output of the controller 334 to the super-junction MOSFET
332. In an embodiment, the Flyback-Converter 300 can offer
gate voltages for the super-junction MOSFET 332 in the
range of 3V to 5V. According to the present disclosure, the
logic level threshold voltage in the range of 1-2V can be
achieved by using gate oxides of an appropriate thickness
(e.g., in the range of 12 nm to 50 nm) and an adjusted doping
level of the channel region of the super-junction MOSFET.
So, in the present embodiment, since the super-junction
MOSFET 332 canbe directly driven by the controller 334, the
additional booster stage and thus the additional voltage
domain as used in the State of the Art Flyback-Converter 30 in
FIG. 3a can be omitted, thereby the device cost and area can
be saved, device switching losses can be reduced, the switch-
ing speed of the device can be improved.

These examples are not limiting can be also adapted to
other AC/DC and DC/DC power conversion topologies like
LLC (that refers to a configuration of the resonance loop by 2
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L (inductance) and 1 C (capacitance)), TTF (Two Transistor
Forward) and ZVS (Zero Voltage Switching).

On the other hand, according to the present disclosure, in
order to improve the possibly resulting low noise immunity,
the gate driver and/or the controller stage may be integrated
very close to the Power MOSFET to minimize the gate loop.
The integration can either be done monolithically, chip-by-
chip or chip-on-chip. These measures will lead to a significant
efficiency improvement by reducing switching losses as well
as driving losses. The approach also gives design in advan-
tages as the design engineer has not to take care for the signal
integrity and gains board space with a more integrated solu-
tion.

While the present disclosure and advantages thereof have
been described in details by way of the exemplary embodi-
ments, those skilled in the art shall understand that many
substitutions and variations may be made to the present dis-
closure without departing from the spirit and scope of the
present disclosure defined by the appended claims.

What is claimed is:

1. A semiconductor device, comprising:

a substrate;

a buffer layer on the substrate;

a compensation area which comprises a p-region and a

n-region each on and contacting the buffer layer; and

a transistor cell on the compensation area, the transistor

cell comprising a source region, a body region, a gate
electrode and a gate dielectric formed at least between
the gate electrode and the body region,

wherein the gate dielectric has a thickness in a range of 12

nm to 50 nm.

2. The semiconductor device according to claim 1, wherein
the semiconductor device has gate threshold voltage in a
range of 1V to 2V.

3. The semiconductor device according to claim 2, wherein
the semiconductor device has gate threshold voltage in a
range of 1.2V to 2V.

4. The semiconductor device according to claim 1, wherein
the semiconductor device has gate threshold voltage of 1.6V.

5. The semiconductor device according to claim 1, wherein
the buffer layer has a doping concentration lower than the
n-region.

6. The semiconductor device according to claim 1, wherein
the buffer layer has a doping concentration increasing
towards the substrate.

7. The semiconductor device according to claim 1, wherein
the buffer layer comprises a first sublayer on the substrate and
a second sublayer on the first sublayer, and the doping for the
second sublayer is above that of the first sublayer.

8. The semiconductor device according to claim 1, wherein
the buffer layer comprises a first part on the substrate and a
second part on the first part, and the first part has a doping
concentration increasing towards the substrate.

9. The semiconductor device according to claim 1, wherein
the semiconductor device is a super-junction device.

10. An integrated apparatus, comprising:

a semiconductor device comprising:

a substrate;

a buffer layer on the substrate;

a compensation area which comprises a p-region and a
n-region each on and contacting the buffer layer; and

a transistor cell on the compensation area, the transistor
cell comprising a source region, a body region, a gate
electrode and a gate dielectric formed at least between
the gate electrode and the body region,

wherein the gate dielectric has a thickness in a range of
12 nm to 50 nm; and
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a controller integrated with the semiconductor device for
controlling an operation of the semiconductor device,
wherein the semiconductor device is directly driven by the

controller.

11. The integrated apparatus according to claim 10, 5
wherein the controller is integrated with the semiconductor
device monolithically, chip-by-chip or chip-on-chip.

12. The integrated apparatus according to claim 10,
wherein the integrated apparatus is in a Flyback topology
structure. 10

13. The integrated apparatus according to claim 10,
wherein the integrated apparatus is in a LLC topology struc-
ture.

14. The integrated apparatus according to claim 10,
wherein the integrated apparatus is in a TTF topology struc- 15
ture.

15. The integrated apparatus according to claim 10,
wherein the integrated apparatus is in a ZV'S topology struc-
ture.

16. The integrated apparatus according to claim 10, 20
wherein the integrated apparatus is in a PFC stage structure.
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